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A Hybri d Connectionist/Productio n Syste m Interpretatio n o f 

Age Differences in Perceptual Learning 

Arthur D. Fisk and Wendy A. Rogers 

Georgia Institute of Technology 

Introductio n 

In the present paper we will provide a brief discussion of how the appeal to formal 

models ,  eve n use d a t  th e conceptua l  level ,  ca n lea d t o "ne w direction s i n cognitiv e agin g 

research" .  Followin g th e lea d o f  Salthous e (1988) ,  on e o f  ou r  goal s i s t o encourag e 

effort s t o develo p an d utiliz e forma l  model s tha t  lea d t o testabl e hypothesi s concernin g 

age-relate d cognitiv e p h e n o m e n a .  O u r  primai y focu s i s o n th e explanator y an d 

predictiv e utilit y  o f  a  specifi c  mode l  fo r  consolidatin g otherwis e confusin g age-relate d 

practic e effect s i n visual ,  m e m o r y ,  an d hybri d visual/memor y searc h tasks . 

Cognitive Aging Research 

A review of the literature on differential age-effects in perceptual learning leads to 

a suggestio n o f  th e ag e independenc e o f  searc h i n a  consisten t  mapp in g ( C M )  tas k a s 

wel l  a s th e ag e dependenc e o f  performanc e i n varie d mapp in g ( V M )  searc h tasks-"- .  I t  i s 

importan t  t o not e tha t  ther e ar e tw o genera l  assertion s m a d e i n th e cognitiv e agin g 

literatur e whic h ar e relevan t  t o th e presen t  discussion .  Firs t  i s  th e assumptio n tha t  age -

relate d deficit s ar e du e t o reduction s i n controlle d processin g ability ,  efficienc y o f 

processing ,  etc .  Followin g thi s view ,  V M searc h effect s shoul d diffe r  a s a  functio n o f 

age .  Second ,  i t  i s  assume d tha t  automati c processe s ar e s o m e h o w i m m u n e t o th e 

deleteriou s effect s o f  aging .  I t  i s  tru e tha t  automati c processe s develope d prio r  t o 

senescenc e m a y no t  declin e wit h age ,  a s ha s bee n demonstrate d i n lexica l  primin g 

studie s an d th e maintenanc e o f  Stroo p interferenc e effects .  However ,  th e assertio n tha t 

th e characteristic s o f  C M search ,  whic h lea d t o th e developmen t  o f  automati c processes , 

d o no t  diffe r  a s a  functio n o f  ag e ha s no t  bee n agree d upon . 

1 Consistentl y mappe d practic e involve s searchin g fo r  specifi c  stimul i  whic h alway s evok e th e sam e 

respons e whe n the y occur .  Fo r  example ,  i n visua l  search ,  wheneve r  th e targe t  lette r  'A '  appear s i n a  displa y 

i t  alway s require s th e sam e respons e fro m th e subject .  Whe n stimul i  ar e variabl y mappe d (VM) ,  i.e. ,  stimul i 

requir e response s tha t  constantl y chang e durin g training ,  automati c processin g doe s no t  develo p an d 

performanc e show s littl e change .  Fo r  example ,  i n V M training ,  o n on e tria l  th e lette r  'A '  migh t  serv e a s a 

target ,  an d therefor e requir e a  specifie d response ,  whil e o n anothe r  tria l  th e lette r  'A '  woul d serv e a s a 

distractor ,  an d therefor e b e ignore d b y th e subject .  Schneide r  an d Shiffri n (1977 )  demonstrate d tha t  C M 

practic e wa s a  necessar y requisit e fo r  automati c proces s development . 
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I n general ,  previou s researcher s hav e inferre d tha t  simila r  C M learnin g curve s earl y 
i n practic e (indexe d b y a  nonsignifican t  Ag e X  Practic e Sessio n interaction )  implie d 
tha t  bot h youn g an d ol d adult s wer e developin g automati c processin g a t  th e sam e rate . 
The logi c o f  tha t  ar^men t  presuppose s tha t  al l  ag e group s wil l  eventuall y develo p 
equivalen t  automati c processin g o f  th e C M traine d stimul i  (e.g. ,  Madden ,  1983 ;  Plud e 
& Hoyer ,  1981) .  Wit h ver y fe w exception s (e.g. ,  Salthous e &  Somberg ,  1982) ,  previou s 
researc h examinin g effect s o f  C M trainin g o n youn g an d ol d subjects '  performanc e ha s 
provide d relativel y littl e practice ;  tha t  is ,  th e experiment s hav e no t  bee n carrie d ou t 
ong enoug h t o determin e i f  th e automati c processe s d o actuall y develo p i n bot h ag e 

groups . 

When extended CM and VM practice is provided to young and old adults, the 
result s ar e surprisin g i n ligh t  o f  th e assumption s existin g i n th e literature .  Recently ,  w e 
(Fisk ,  M c G e e ,  &  Giambra ,  i n press ;  Fisk ,  Rogers ,  &  Giambra ,  1987 ;  Roger s &  Fisk , 
1988 )  examine d th e influenc e o f  ag e o n a  rang e o f  performanc e measure s fo r 
consistentl y mappe d an d variabl y mappe d visual/memor y searc h tasks .  Tha t  researc h 
extende d th e previou s researc h examinin g age-effect s i n perceptua l  searc h task s b y 
providin g extende d practic e (a t  leas t  4,00 0 C M an d 4,00 0 V M trials) ,  requirin g subject s 
t o perfor m comple x semantic-categor y searc h tasks ,  an d examining ,  within-subjects ,  C M 
relativ e t o V M performance .  I n al l  cases ,  earl y i n practice ,  th e youn g an d ol d subjects ' 
performanc e wa s simila r  t o tha t  see n i n othe r  studies ;  tha t  is ,  improvin g C M searc h 
performanc e fo r  bot h ag e group s (measure d b y reactio n time ,  respons e tim e variability , 
and decreasin g compariso n slopes )  an d a  nonsignifican t  Ag e X  Practic e Sessio n 
interaction .  However ,  lat e i n practice ,  th e result s sugges t  tha t  qualitativ e ag e 
difference s exis t  fo r  C M performance ;  tha t  is ,  i n additio n t o th e fac t  tha t  olde r  adult s 
ar e slowe r  (quantitativel y different )  tha n youn g adults ,  th e patter n o f  performanc e 
improvemen t  als o differs .  Althoug h th e olde r  subjects '  reactio n tim e decrease d wit h 
C M practice ,  ther e wa s comparativel y littl e reductio n i n reactio n time ,  compariso n 
slope ,  o r  respons e variability .  Thes e finding s hol d fo r  simpl e characte r  searc h a s wel l  a s 
th e mor e comple x semanti c categor y searc h task s (Fis k &  Rogers ,  1988) .  I t  i s als o 
importan t  t o not e that ,  wit h extende d practice ,  th e characteristic s o f  th e olde r  adults ' 
V M memor y scannin g an d visua l  searc h i s simila r  t o tha t  o f  th e youn g subjects .  No t 
onl y ar e th e pattern s o f  V M searc h performanc e equivalent ,  bu t  th e searc h rate ,  a s 
measure d b y th e slop e o f  th e functio n relatin g reactio n tim e t o numbe r  o f  comparisons , 
i s als o simila r  (als o se e Strayer ,  Wickens ,  &  Braune ,  1987) . 

As noted above, often a plea is made to some amount of reduced mental energy, 
reductio n i n controlle d processin g ability/efficiency ,  etc .  i n olde r  adult s i n orde r  t o 
accoun t  fo r  age-relate d difference s i n visual/memor y search .  Give n ou r  finding s o f 
age-relate d similaritie s i n V M searc h (mostl y dependen t  o n controlle d processing )  an d 
age-relate d difference s afte r  extende d C M searc h (indicativ e o f  age-relate d difference s 
i n automati c proces s development) ,  th e previou s explanation s ar e no t  appealing . 
Severa l  question s remai n t o b e answered .  W h y d o youn g an d ol d adult s sho w 
equivalen t  learnin g earl y i n practic e an d subsequen t  divergenc e lat e i n practice ? W h y 
i s i t  tha t  onl y th e youn g adult s sho w automati c C M targe t  detection ? Th e resolutio n o f 
thes e question s mus t  b e foun d i n orde r  t o explai n age-relate d disruptions ,  eithe r  partia l 
or  complete ,  o f  automati c proces s development . 

385 



FIS K an d R O G E RS 

Potentia l  answer s t o th e abov e question s ma y b e foun d throug h th e us e o f  a  forma l 
model  o f  informatio n processing .  Th e mode l  whic h seem s t o accoun t  fo r  th e apparentl y 
discrepan t  dat a discusse d abov e i s a  hybri d connectionist/productio n syste m mode l 
(Schneider ,  1985 ;  Schneide r  &  Detweiler ,  1987) .  Th e forma l  modelin g approac h 
propose d b y Schneide r  an d hi s colleague s represent s a  hybri d o f  tw o majo r  approache s 
modelin g cognitiv e mechanisms :  connectionis t  model s (fo r  a  revie w se e McClelland , 
Rumelhart ,  &  Hinton ,  1986 ;  Schneider ,  1987 )  an d productio n syste m processin g model s 
(e.g. ,  Anderson ,  1983) .  Whil e th e utilizatio n o f  thi s mode l  fo r  th e explanatio n o f 
empirica l  dat a ma y see m inherentl y pos t  hoc ,  th e mode l  doe s mak e uniqu e an d testabl e 
prediction s concernin g age-relate d effect s i n visual/memor y search .  Therefore ,  w e ca n 
us e thi s approac h no t  onl y t o consolidat e th e cognitiv e agin g dat a alread y available ,  bu t 
als o t o driv e th e directio n o f  futur e researc h t o furthe r  investigat e age-relate d 
differences . 

A Hybrid Connectionist/Production System Model: Conceptually Defined 

Schneider's hybrid model proposes two types of learning mechanisms: associative 
and priorit y learning .  I t  i s assume d tha t  thes e tw o differen t  type s o f  learnin g ca n occu r 
durin g C M practic e an d tha t  bot h type s o f  learnin g ar e necessar y i n orde r  fo r  th e C M 
traine d stimul i  t o automaticall y attrac t  attention .  Associativ e learnin g develop s prio r  t o 
priorit y learnin g an d i s accomplishe d vi a a  modifie d Hebb-typ e learnin g rul e (Stone , 
1986 )  b y whic h a n inpu t  associativel y evoke s o r  retrieve s a n outpu t  messag e tha t  ca n b e 
transmitte d fo r  additiona l  processin g (e.g. ,  "re d light "  retrieve s "pres s brak e pedal") . 
Wit h associativ e learning ,  th e learnin g mechanis m change s th e connectio n weight s 
betwee n th e inpu t  an d outpu t  informatio n transmission s s o tha t  th e give n inpu t  tend s t o 
evok e th e associate d output .  Associativ e learnin g i s responsibl e fo r  th e unitizatio n o f 
memory-sets ,  categorizatio n (e.g. ,  increasin g strengt h o f  connection s betwee n semanti c 
categor y exemplar s an d th e highe r  leve l  category) ,  an d increasin g connection s betwee n 
targe t  item s an d require d responses .  A s associativ e learnin g develop s performanc e 
improvement s ar e expecte d becaus e ther e i s a  decreas e i n th e nee d t o pre-loa d workin g 
memory wit h individua l  memor y se t  item s an d th e response s associate d t o thos e items . 

If a deficient associative learning mechanism were the locus of age effects in CM 
searc h the n ol d subject s shoul d sho w n o learnin g durin g C M search .  However ,  previou s 
studie s demonstrat e C M learnin g earl y i n practic e fo r  bot h ag e groups .  Thu s th e dat a 
argu e agains t  th e associativ e learnin g mechanis m a s th e primar y sourc e o f  age -
dependen t  C M searc h effects .  I f  associativ e learnin g i s affecte d t o som e degre e b y age , 
tha t  disruptio n doe s no t  appea r  sufficien t  t o explai n th e ag e difference s see n afte r  long -
ter m C M practice . 

The other learning mechanism, priority learning, is hypothesized as a mechanism 
tha t  modifie s whether ,  an d ho w strongly ,  a  give n messag e wil l  b e transmitted .  Priorit y 
learnin g i s a n associatio n o f  a  messag e t o a  metri c o f  it s  importance .  Message s wit h 
hig h priorit y ar e transmitte d t o highe r  level s o f  processing ;  thus ,  priorit y learnin g 
provide s acces s o f  informatio n fo r  follow-o n processin g (e.g. ,  "re d light "  -  strongl y 
transmit s th e associate d messag e "pres s brake "  t o effec t  a n action) .  A  messag e wil l  hav e 
hig h o r  lo w relevanc e a s a  functio n o f  it s  "priorit y  tag" .  Th e valu e o f  th e priorit y ta g i s 
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determine d b y th e numbe r  o f  positiv e transmission s o f  th e messag e relativ e t o negativ e 
or  nul l  event s associate d wit h th e messag e transmissio n (e.g. ,  a  matc h respons e i n a 
searc h tas k [ a positiv e event ]  relativ e t o a  negativ e controlle d processin g even t 
processin g wit h n o matc h an d n o response]) .  Eac h positiv e even t  result s i n th e priorit y 

ta g valu e bein g incremente d an d eac h negativ e even t  result s i n a  decremen t  o f  th e 
priorit y  tag .  Consisten t  practic e woul d lea d t o continua l  incrementin g o f  th e priorit y 
ta g fo r  targe t  stimul i  (whe n detected )  an d decrementin g o f  th e priorit y fo r  distracto r 
stimuli .  Continue d C M practic e woul d lea d t o a  segregatio n o f  stimul i  suc h tha t  thos e 
stimul i  wit h hig h priorit y tag s (consisten t  targets )  woul d becom e "foreground "  an d 
stimul i  wit h ver y lo w priorit y tag s (consisten t  distractors )  woul d becom e "background" . 
Withi n th e hybri d connectionis t  model ,  pur e automati c processin g (processin g withou t 
contro l  proces s assistance )  i s no t  possibl e withou t  sufficien t  priorit y learning .  A 
combinatio n o f  bot h associativ e an d priorit y learnin g allow s stimu U t o b e filtere d an d 
message s transmitte d withou t  contr o processin g assistance ;  hence ,  stimul i  ca n 
automaticall y attrac t  attention .  I f  "priority "  wer e maintaine d b y simpl y increasin g o r 
decreasin g th e associate d connectio n weight s (i.e. ,  simpl y associativ e learning )  the n a 
decremen t  i n "priority "  woul d entai l  a  concurren t  los s o f  associativ e connection s thereb y 
implyin g a  memor y loss .  However ,  developin g a  ver y lo w priorit y ta g t o exemplar s o f  a 
C M categor y suc h a s "four-foote d animals "  doe s no t  impl y forgettin g th e meanin g o f 
"cat "  o r  tha t  i t  i s a n exempla r  o f  th e category . 

Given the necessity of the priority learning mechanism for the attainment of 
automaticity ,  an d th e apparen t  inabilit y  o f  ol d adult s t o develo p automaticity ,  i t  seem s 
logica l  t o focu s researc h effort s o n thi s mechanis m i n a n effor t  t o understan d age -
relate d decrement s i n extended-practic e experiments .  Not e tha t  th e disruptio n o f  th e 
priorit y chang e mechanis m nee d no t  b e all-or-non e t o yiel d th e ag e effect s w e hav e 
observed .  Indeed ,  a  slowin g i n th e priorit y chang e proces s would ,  t o som e extent ,  lea d 
t o a  slowin g i n automati c proces s development .  Therefore ,  althoug h w e hav e provide d 
ol d subject s wit h thousand s o f  trial s o f  practic e i n a n effor t  t o allo w th e developmen t  o f 
automaticit y (e.g. ,  Fisk ,  M c G e e &  Giambr a [i n press ]  gav e som e subject s a s man y a s 
12,00 0 trials) ,  i t  i s stil l  possibl e tha t  thousand s o f  trial s mor e migh t  b e necessar y i f 
indee d automati c proces s developmen t  i s simpl y slowe d a s a  functio n o f  age .  Ou r 
result s hav e show n tha t  ther e i s a n age-relate d chang e i n th e extended-practic e C M 
performanc e functio n whic h may ,  a t  th e ver y least ,  indicat e a  disruptio n i n th e priorit y 
earnin g mechanism . 

Conclusions and Future Directions 

The current conceptual framework based on the formal model of Schneider and his 
colleague s ca n explai n man y o f  th e previou s result s o f  age-relate d perceptua l  learning ^ 
suc h as :  1 )  Som e amoun t  o f  learnin g fo r  bot h youn g an d ol d group s o f  subject s wit h 
consisten t  practice ;  2 )  Qualitativel y equivalen t  performanc e earl y i n consisten t  practic e 
but  non-equivalen t  performanc e wit h extende d consisten t  practice ;  an d 3 )  Maintenanc e 
of  Stroo p interferenc e effect s o r  othe r  previousl y automatize d processe s suc h a s lexica l 

2 Not e tha t  thi s mode l  i s  derive d fro m youn g subjects '  dat a an d ha s bee n foun d t o mimi c th e practic e effect s 

whic h ar e typicall y foun d fo r  bot h C M an d V M practice . 

387 



FIS K an d R O G E RS 

access .  Ol d subjects '  improvemen t  i n C M search ,  relativ e t o V M search ,  i s expecte d 
give n a  relativel y intac t  associativ e learnin g mechanism .  However ,  th e fac t  tha t  thes e 
subject s demonstrat e a  failur e t o achiev e automati c processin g implie s a  concurren t 
inabilit y  t o sufficientl y chang e th e priorit y ta g values .  Maintenanc e o f  automati c 
processe s develope d prio r  t o operationa l  failur e i n th e priorit y mechanism ,  e.g. ,  color -
wor d Stroo p effect s (Cohn ,  Dustman ,  &  Bradford ,  1984) ,  arithmeti c stroo p effect s (Fis k 
& M c G e e ,  1987) ,  an d automati c activatio n o f  th e lexico n (Cerell a &  Fozard ,  1984 ; 
Chiarello ,  Church ,  &  Williams ,  1985 )  woul d b e unaffecte d b y age . 

We are therefore proposing that a failure of the priority tag mechanism may 
accompan y agin g whil e th e associativ e learnin g mechanis m remain s intact ,  o r  a t  leas t  i s 
not  completel y disrupted .  Thre e importan t  prediction s ma y b e generate d fro m thi s 
conceptualization .  Thes e prediction s ar e currentl y bein g teste d i n severa l  experiments . 
First ,  th e mode l  predict s tha t  ol d adult s shoul d b e abl e t o unitiz e (o r  develo p categorie s 
of )  stimulu s set s withou t  th e subsequen t  developmen t  o f  automatism .  Behaviorally ,  thi s 
shoul d resul t  i n reduce d compariso n slope s i n th e absenc e o f  othe r  indice s o f  automati c 
processin g o f  th e stimul i  a s demonstrate d b y dual-tas k o r  stimulu s reversa l  effects . 
Anothe r  predictio n o f  th e mode l  suggest s tha t  th e strengt h (i.e. ,  th e abilit y  t o "attract " 
attention )  o f  targe t  stimul i  relativ e t o distracto r  stimul i  shoul d diffe r  acros s youn g an d 
ol d subject s an d lea d t o difference s i n th e patter n o f  attentio n attractio n fo r  C M traine d 
stimul i  a s wel l  a s difference s i n variou s C M / V M target/distracto r  reversa l  effects .  A s 
predicte d b y th e model ,  i f  th e priorit y chang e mechanis m deteriorate s a s a  functio n o f 
age ,  les s "strength "  differenc e shoul d develo p betwee n C M targe t  an d C M distracto r 
stimul i  du e t o a  lessenin g abilit y  t o modif y th e priorit y o f  consisten t  target s relativ e t o 
th e consisten t  distractors .  Th e thir d predictio n i s tha t  well-learned ,  automatize d skill s 
develope d prio r  t o senescenc e shoul d b e difficul t  t o modify .  Again ,  thi s woul d occu r 
becaus e the ,  onc e appropriate ,  hig h priorit y o f  th e stimuli/response s woul d b e les s 
modifiabl e eve n i n th e fac e o f  new ,  consistent ,  contrar y practice .  Thi s predictio n i s 
bein g teste d b y examinin g th e attenuatio n o f  Stroo p interferenc e effect s a s a  functio n o f 
age an d practice . 

Although much of the present review has focussed on visual/memory search, the 
importanc e o f  th e mode l  i s i n it s apparen t  abilit y  t o accoun t  fo r  a  variet y o f  result s 
reporte d i n th e cognitiv e agin g literature .  Mor e importantly ,  th e adoptio n o f  thi s mode l 
has allowe d u s t o mak e strong ,  testabl e prediction s abou t  age-relate d performanc e 
unde r  specifiabl e conditions . 
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